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ABSTRACT

As lunar activities are becoming a reality, plans must be
made to live and work on the lunar surface. As a part of this
plan, a way to handle cargo must be developed. In addition to
developing a system to handle cargo, a standardization should
be developed as well. The need for such a standardization can
easily be seen by the use of standards in the air freight
industries. In order to set up such a standard, our effort was
directed towards developing an interface between cargo and a
cargo ship. A ship configuration and container shape were
proposed and an interface was developed accordingly.

As a solution to this problem, we have designed a self-
aligning, remote locking interface to secure the cargo to the
cargo ship. The interface is a pair of rings, one ring mounted
on the cargo container and the other mounted on the ship. The
rings incorporate: aligning pins with corresponding holes and
DC motor driven camlock devices with corresponding lock/lift
pins. The ship can hold up to six spherical or cylindrical
shaped cargo containers which can be positioned or rotated to

vary the ships overall center of gravity.




To develop and design a standard interface

between carge container, lunar cargo ship, and lunze lifting

devices.

me Since the interface 1s Lo be
used between the cargo and a cargo ship, we had to know the
ship configuration and the container shape before we could
develop the interface. However, the ship and the container do

not currently exist

in

o our first step was to propose a ship
configuration and a container shape.

Several factors had to be taken into

consideration when developing the ship’s configuration. The
two most important were the ability to vary the center of gra-
vity of the cargo container and limiting the weight of the
ship.

The thrust of the ship’s engines must be directed through
the ship’'s center of gravity. To maximize the lifting force of
the engines’ thrust, the line of action of the thrust should
ocptimally be normal to the lunar surface. In order to meet
both of these criteria, the center of gravity should be on the
ahip's central avis.

However, once the ship is loaded with cargo, the center of
gravity may no longer be on that central axis. So the ship
must be designed in such & way that cargo can be shifted into
ditferent pozitions. By shifting the cargo around, the center

. t’l

of gravity can be brooght

to the central axzis.

The second maior de

Logr factor for the ship 1s its wsight.
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fuel and the more weight being moved, the greater the amount of
fuel needed. The most efficient fuel use is obtained by the
greatest cargo weight to ship weight ratio. Therefore, the
weight of the ship must be minimized while still allowing suf-
ficient strength to support and carry the cargo.

Considering these two factors along with other less
restrictive factors, a transport ship was developed. (See fig-
ure 1.) The ship can transport up to six cargo containers. The
actual number of confainers will affect the locading pattern.
(See figure 2.) A framework design was used for the structure
of the ship. Since aerodynamics is not a factor in space or the
lunar surface, a solid sided ship was not necessary. The
framework developed will support the following: up to six
cargo containers, sufficient fuel for normal transport oper-
ations, engines and control systems, and landing and docking
gear. In addition, the framework designed to support the cargo
containers will allow for variable loading orientations of each
of the containers. This flexibility was incorporated into the
design to allow for varying the position of the container’s
center of gravity with respect to the ship.

Container Shape. Once the ship configuration and struc-

ture were developed, the cargo container shape had to be estab-
lished so that it could be integrated with the ship. In addi-
tion, the container has to be able to withstand certain exter-
nal stresses: thermal stress gradients along the container
surface, stress concentrations due to lifting forces, and body
stresses experienced in take-offs, landings, and dockings.

Along with the external stresses, the container also has to
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withstand internal stresses from the cargo loaded in it.

In order to satisfy these requirements a cylindrical
shaped container was proposed. The container would actually be
composed of a cylindrical body with hemispherical end caps. The
length to diameter ratio was set at a magnitude of 2 giving the
container an elongated shape. This would allow the container
to fit the overall vertical scheme of the ship. 1In addition,
the cylindrical shape can be rotated about its longitudal axis
allowing for the balancing of the center of gravity of the
ship. As a free standing body, the curved surfaces of the con-
tainer enhance the distribution of the stresses caused by the
thermal gradients as well as the internal and external forces.

The cylindrical shaped container is very flexible in that
a variety of cargo can be loaded into it. Furthermore, the
ability to rotate the cylinder with respect to the ship before
locking it into place is a needed asset for balancing the load
of the ship. Even with these advantages, the cylindrical con-
tainer has one drawback. A cylinder is not the most efficient
way to transport liguid oxygen.

A sphere has the greatest volume to surface area ratio. By
limiting the surface area for a given volume, less surface area
is available for the influx of heat. Since heat influxes cause
boiling off of the liquid oxygen, a spherical shaped container
will minimize the boil off problem; therefore, a sphere is the
most efficient way to transport ligquid oxygen.

In "Lunar Surface Return," a NASA document, several sce-
narios for the transportation of lunar liguid oxygen were

described. In addition, the amount of liquid oxyden needed for




space station operations was estimated at one million pounds

per year. The large amount of liquid oxygen production justi-
fies the need for a spherical container. However, a cylindri-
cal container is still required for transporting the variety of
cargo needed on the lunar surface. Consequently, both contain-

ers were considered and incorporated into our design.

Philosophy of Standardization

Standards are encountered everyday within a persons daily
activities. Traffic signs, a typewriter keyboard, a music cas-
sette tape, and even clocks are common examples of standardiza-
tion. In industry, bolt sizes, tire sizes and tractor-trailer
fifth-wheels are examples of standards. As seen from these
examples, standards are needed in many aspects of everyday
life.

In recognizing the need for standardization, the transpor-
tation industry has developed several standards of its own. In
the 1800's, as the nation grew, the need for regional railroad
lines to connect and expand became apparent. In order for this
to be possible, a standard gauge had to be established by the
railroad industry.

Another good example of standardization is the land-sea
transportation industry. By the 1950's several companies had
independently established their own integrated cargo system. To
accomplish this, a standardized container size was first estab-
lished and then a system was'deéigned around that particular
size. Problems of standardization became obvious when each of

these companies were operating a full container system



with different sized containers, different maximum weight
containers, and different types of lifting and latching
davices.

The lack of industry-wide standardization prevented the
interchangeability of containers between companies and fur-—
ther complicated inland shipping by truck and rail. In 19465
the International DOrganization of Standardization (I8Q)
established certain size and strength standards for contain-
ers. Also, corner fittings and locking devices were specified.
As with the railroads and the land-sea industry, standards are
in place in the air freight industry as well. The air +reight
iﬁdustry can be divided into military operations and civil
operations. PRoth have their own standardized cargo and cargo
handling systems. The military system relies heavily on and
revolves around the 88" x 108" pallet. The restraint rails are
set at 108" gauge and are not adjustable. The civil system
relies more on intermodal containers and 88" x 108" or 96"
108" civil pallets. The restraint rails on civil cargo-capable
aircraft are adjustable and can handle different sized

containers including the military pallet. This flexibil-

ity results from: (i) their responsibility in conjunction with
the Civil Reserve Air Fleet, (ii) the need to transport con-
tainers of varying dimensions, and (iii) the need to transport
containers between different transport aircraft within

an individual airlines. — —
A1l arsas of the transportation industry have seen the

need for standardization. As we considered a cargo handling

scheme for operations on the lunar surface, the need for stan-



dardization was a primary concern.

Existing Interfaces

The connection of two objects through the use of an
interface is a relatively common concept and is wusually taken
for granted. Interfaces range from being very simple as with
fasteners to very complicated as with the cargo locking system
on the space shuttle. There are several interfaces in parti-
cular which perform some of the functions or display some of
the characteristics which are desired in our design.

The land-sea industry established certain ISO standards
for container size in the 1960°s. Also a standard interface
was set. This interface consists of ISO corner units placed
on each of the eight corners of the 8'x 8'x 20' standard con-
tainers. These ISC corner units are a flexibls type of Iinter-
face and provide for easy locking, lifting, and stacking of the
container. Easy locking is accomplished by placing four lock-
ing devices on the flatbed of a truck or railcar or in the
cargo cells of ships. These locking devices are used through-
out the land-sea transport industry. In order to 1ift the

cargo a crane or forklift configuration aligns itself to the

0]

corner units, locks into them, and then 1ifts. Stacking of
containers 1is also easily done with the use of stacking adapt-
ers placed in the corner fittings. The containers are designed
to be stacked four high.

As with the 1land-sea transportation industry <the alr
freight industry also interfaces cargo to a cargo carriar,

namely an aircraft. In the air freight industry, cargo in the



form of pallets or intermodal containers is positioned and is
then held in place by a cargo handling system. The contain-
ers are placed on ralls as they enter the aircraft. Once in
their final position, the containers are locked down from the
floor of the aircraft. The container's size and shape as well
as the cargo handling system are standardized throughout the
air freight industry. The interface here is the mating
together of the <cargo handling system and the containers.
Another type of interface which is relevant to our design
are the missile launchers on aircraft. These launchers
remotely lock the missile into position and remotely release it
when launched. This remote locking and releasing is accom-
plished through a fairly complicated mechanical setup. The
ability to remote lock and release is desirable in an interface.
In researching existing interfaces a good starting point
is to study certain interfaces which perform some of the func-
tions or display some of the characteristics desired. The
three Iinterfaces mentioned here exhibit several qualities in

which we would like to incorporate into our design.



DESIGN OBJECTIVES

Before we were able to design the interface we first had
to decide on a ship configuration and a container shape. With
this proposed, we recognized the need to have a standard inter-
face. Next we researched existing interfaces, locking devices,
and systems incorporating both of these. To be able to apply
these concepts to our problem, perfcrmance criteria and con-

straints had to be established.

Performance Criteria

Due to the nature of the lunar environment, our cargo
interface will have to perform differently than cargo inter-
faces used on earth. Visibility in space is very limited and
hearing is nonexistent outside of communication transmissions.
To compensate for these limitations, the interface should be
self-aligning. Another problem encountered in the lunar envi-
ronment is limited mobility. This is caused by the need to
wear a spacesuit. Remotely operating the locking/releasing of
the interface will compensate for this limitation. In addition
to compensating for man's limitations in space, the interface
must also be designed with man's safety in mind. Therefore,
failure of the interface should not result in an unsafe situa-
tion.

Not only does the lunar environment affect man's perfor-
mance, it also affects the performance of the interface. The
temperature extremes (230 to -300 F) can reduce the inter-

‘

face s material strength resulting in fracture as well as caus-



ing the interface mechanism to Jam due to thermal expansions or
contractions. The accumulation of moon dust can also jam the
mechanism. Furthermore, moon dust will increase the wear rate
on mating surfaces. These environmental factors greatly influ-
ence the interface’s reliability. In order to maintain high
reliability of the interface, a simple design is desired. This
can be done by reducing the number of moving parts and mating

surfaces.

Constraints

In addition to the performance criteria, certain con-
straints will also influence the design. To reduce costly fuel
consumption, the weight of the interface along with the weight
of the ship and the container must be minimized. However, the
strength of the interface must be maintained. This strength is
needed because the interface will experience several different
stresses. These stresses are caused by the forces associated
with take-offs, landings, and dockings; the cargo handling
devices during lifting and moving operaticns; and gravitational
forces exerted on the cargo when locked into the ship.

As mentioned before, thermal stresses will affect the
operation of the interface. Furthermore, these stresses will
also affect the alignment of the interface's mating surfaces.
This must be taken into account when establishing tolerances.
These tolerances should also be specified to help the visibil-

ity limitations associat2d with loading op=rations.



DESIGN SPECIFICATIONS

General description

The main thrust of the design was the development of an
interface to connect cargo to a cargo ship on the lunar sur-
face. The cargo to ship interface combines a ship component
and a cargo component. The ship component consists of a flat

horizontal ring supported from below. The ring contains sixX

countersunk holes and three camlock devices. (See figure
B-4). The cargo component consists of a flat horizontal ring
with three vertical pins and six lock/lift pins. (See figure
B-1). If the cargo is a cylinder, then six pairs of moment
hooks are located near the tcop of the container. (See figure
A-4 ).

The pins on the cargo component and the countersunk
holes on the ship component are for alignment purposes. The
pins slide into the holes until the flat ring of the cargo
compeonent meets the flat ring of the ship component. Once
the pins are fully seated in the holes, they also resist any
horizontal forces acting on the interface.

The camlock and the lock/lift pins are used to pull the
cargo component into locked position on the ship component.
The camlock rotates in the vertical plane to engage and lock
down the lock/lift pin. Once the camlocks are in the fully
locked peosition, they also resist any vertical force compo-

nents acting on the interface. (See figure ADL).



The moment hooks are used to resist any additional
moment associated with the higher location of the center of
gravity for the cylindrical container.

A lifting interface was conceptualized similar to the
design of the cargo component ring of the interface. The
lifting ring does not have the aligning pins that the cargo

ring has; however, it does have the six lock/1ift pins.

Detajiled Description

Interface operation. Before the actual interface oper-

ation was specifies, several assumptions were made. Most of
these assumptions invoclved the action of a theoretical lift-
ing device. 1t was assumed the lifting device loads and
unloads the cargo from the cargo ship in the vertical direc-
tion. The lifting device has the capabilities of preventing
the cargo from spinning about its own vertical axis. It can
also keep the cargo from swinging into the ship. The lifting
device alsoc has an end effector that connects to the cargo
and has the capabilities of rotating the cargo 180 degrees
about its vertical axis with an accuracy of 2 degrees in the
horizontal plane. The lifting device also has to be capable
of applying 4000 pounds of lifting force to the cargo.

The interface operation begins with the lifting device
lowering the cargo vertically onto the ship component. The
sixz holes in the ship component allow the cargo to be posi-
ticned in six different positions which are 60 degrees cf
rotation about from each other. Here we assume the operator

of the lifting device would be able to either see the cargo



pin to ship hole relationship or have some kind of feedback
indicating their relationship. The operator should also know
the appropriate holes to set the cargo in so the cargo's cen-
ter of gravity is closest to the center of the ship.

As the cargo approaches the ship component, the cargo is
rotated until the cargo pins are approximately above the cor-
rect countersunk holes in the ship component. Then further
lowering will cause the pins to engage the holes. The pins
will slide into the holes as the operator continues lowering
the cargo.

The pins in the holes will align the cargo as it is low-
ered. The cargo will be in proper position for locking once
the flat ring of the cargo component comes to rest on the
flat ring of the ship component.

When a cylindrical shaped cargo container Is loaded on
the cargo ship, the addition of the six pairs of moment hooks
become apparent. As the cargo is lowered, the alignment pins
start to engage the appropriate holes. At the same time, a
pair of moment hooks engage a pair of bars mounted on the
ship. With the cargo continuing to be lowered, the hooks
slide over the bars. When the cargo is in its seated posi-
tion, the bars are positioned in the hoock slots. The hooks
then resist any tipping moments.

Once the pins are completely lowered into the holes, the
second function of the interface begins. Now that the cargo
is properly seated, the lock/lift pins are directly above
each camlock device. The camlock is initially in a stowage

position below the surface of the ship component. A low



speed, high torque, reversible DC motor is used to drive each
of the camlocks. The motors are remotely actuated causing
the camlocks to rotate and engage the lock/lift pins. As
each camlock continues to rotate, it draws the respective
lock/1lift pin into its slot which in turn draws the cargo
closer to the ship. After rotating 180 degrees from its ini-
tial stowage position, the camlocks are in the fully locked
position. Once fully locked, a signal is sent the ship's con-
trol system. If any of the camlocks do not fully lock, this
signal will not be sent; consequently, the contrcl system
will prevent lift-off. Likewise, failure of any camlock to
completely disengage during the unloading process will result
in a signal being sent to alert the operator of the lifting

device. Dimensions. Once the material of the various compo-

nents was specified, calculations were done to determine max-
imum stresses. Once aware of these stresses, detailed dimen-
sions of the interface were produced. These dimensions take
into account tolerance and coefficient of expansion.

Fcor the actual dimensions of the components, refer to
the following drawings:

A-1 Pin and Ring Méchining Details

A-2 Moment Hook Detail

A-3 Camlock Detail

B-1 Spherical Cargo Interface

B-2 Lock/Lift Pin Details

B~3 Alignment Pin Details

B-4 Ship Interface

B-5 Alignment Pin Receptacle Details
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MATERIAL SELECTION

Overview

Material selection is of upmost importance in all mecha-
nical design. Materials have to be capable of the designed
operation within the environment for the proposed use. The
moon environment poses a great challenge toc material proper-
ties. The vacuum like atmosphere, the extreme low tempera-
tures, the abrasive lunar dust, and the ultra-violet radiation
from the sun are just a partial list describing the mcon's
harsh environment. In order to make decisions as to the best
material, a perfect material was proposed. This material wculd

have the following qualities:

1. very low thermal expansion,
2. high resistance to brittle failure at lcw
temperatures,

high resistance to ductile failure at high

(03]

temperatures,

4. high resistance to abrasion,

5. high strength-to-weight ratio,

6. machineability.
These prorperties were important to all the mechanical parts of
our interface. However, their relative order of importance
depended cn the part's funciion.

Although composites may be the best material choice, we
did not feel that we had sufficient time %o properly research
this aresz. (See appendlixz )  Therefore, we only considered

metals for our material choice.



When trying to find a metal that resists ductile brittle
transitions between -200 and 400 F, BCC and HCP metals should
be avoided. Metals with these configurations experienced
brittle and ductile behavior between these ranges. However,
metals with FCC structure exhibit much more acceptable behavior
in these ranges. Some FCC metals include aluminum, nickel,
copper, bronzes, and brasses.

Another consideration was the avoidance of low-melting-
point metals as they will tend to have yield strengths that
fall sharply as temperatures increases. Also problems occur
with creep at temperatures approximately one third of the mel-
ting point temperatures.

A check and comparison of the metals hardness was also a

major consideration. The hardness should prevent any measur-
able wear of the part. O0On the other hand, a high hardness

number causes increased machining difficulties.

The last factor to consider was the str

1]

ngth-toc-weight
ratio. this factor was computed for each metal considered.
These calculations eliminated several materials from our

selection since weight was a major consicderations.

Camlock Material Selection

-t
Ve

With the design of the camlock, material with the follow-

ing properties were considered:

1. resistance to brittle failure at lcw temperatures,
2. resistance to ductile failur= a7 high temperatures,

3. abrasion resistance,

4. high strength-to-weight ratio.



Age hardened Inconel 718 fit the design requirements very
well. Its melting point of 2651 F means that creep will not be
a problem until approximately 795 F which is well above service
temperature. Because of its high nickel content (70%), brittle
fracture should not occur. Several alloying element substitu-
tions give 718 high strengths up to 1300 F. The Brinnel
hardness of 393 is high enough to sufficiently prevent wear.

List of properties:

material: Inconel 718, age hardened
melting point: 2651 F
Brinnel hardness: 393 {(maximum)

strength-to-weight: 473 - 5378 (kip/in }/{(1lb/in )

Ring Material Selection

The interface rings contain several dimensions that must
be kept within close tolerances. These are location of the
alignment pins and holes, and location of the lock/lift pins.
If these dimensions vary between the ship and the cargoc by an
appreciable amount, the interface will bind rather than work
smoothly.

One major factor controlling dimensions will be the amount
of thermal expansion that occurs in the rings or in the ship.
For this reason, the main criteria for selecting a ring mate-
rial was a low thermal expansion ccefliicient.

A 36% nickel alloy steel (INVAR) provides excellent ther-

mal expansion properties and still maintains fair machin

D
H

ability. The nickel content also prevents low temperatur

D

embrittlement in the service temperature range.




List of properties:

material: INVAR

Young's modulus: 21 x 10 psi
yield stress: 25,000 psi (minimum)
Poisson's ratio: 0.29
thermal expansion coefficient: 1.5 x 10 / F

Hook Material Selection

In selecting a material for the moment hook on the cylin-
drical container, three factors had to be considered: hard-
ness, strength, and thermal expansion.

Since the hooks will be sliding into place, the material
should be highly wear resistant. This will also aid in wear
due to the abrasiveness of the lunar dust.

In addition, the thermal expansion ccefficient should be
low sc that under the extreme temperatures of the lunar davy,
the bar will still £fit into the hook slot without jamming.

Finally, the material has to have a high yield strength so
that it can withstand the moment forces without failing.
Through stress calculations, we determined the yield strength
had to be at least 80,000 psi.

As with the camlock, age hardenad INCONEL 718 fit the
desired criteria best. Therefore, we decided to make the hooks

out of this material as well.




ECONOMIC ANALYSIS

An essential part of design engineering is an estima-
tion of the costs involved. 1In our design we considered the

design and development costs as well as manufacturing costs.

Design and Development Costs

Engineering man-hours represent the majority of the
design and development costs. Many hours of research, con-
ceptualization, and evaluation are spent in determining a
solution to a design problem. Calculating the number of
man-hours involved in the design and development of our
cargo interface is difficult and only a rough estimation can
be given. A good estimate of the total number of man-hours
involved would be the time spent by our design group in
designing and developing the cargoc interrface. This is a good
estimation because it assumes that the increased time
involved in the design and development process will be off-
set by the better research facilities available and the more
experienced designers involved. The number of man-hours,
the assumed hourly wage, and estimated cost for design and
development is given by:

600 man hours X $30/hour = $18,000 to Design & Develop
This figure represents the cost for the design and
development of the interface only. The design and develop-
ment costs of a cargo ship, which would employ our inter-

face, would be much higher.



Manufacturing Costs

Throughout the design and development process of the
lunar cargo interface, manufacturing costs were taken into
consideration. Subsequently, a cost effective design has
been produced. In order to determine the manufacturing costs
of our design we talked with an estimator at Withers machine
works. A rough estimate was given for each part of the

interface. Each component and its estimated costs is given

below:

INTERFACE COMPONENT COST
2 Invar Rings @ $2000 ea. $4000
Machine 3 Holes a 6 slots per ring 6000
Pins for 2 Rings 1000
6 Cams 2000
6 Cam motors @ 500 ea. 3000
12 Hooks @ 100 ea. 1200
Total Cost to Manufacture Interface $17,200

These figures represent the estimated cost of the materials
used as well as the cost of manufacturing. As stated ear-

lier these are rough estimates.



SAFETY CONSIDERATIONS

Camlock Fajlures

The three camlocks per container can fail several ways.
Any one camlock can fail to operate causing engage-
ment/disengagement problems. Also, a camlock could stick or
bind during operation. A camlock can break during locking
operations or from flight induced stresses. Finally, the drive
motor can overheat and possibly burn. These failures are
categorized and analyzed below:

Class Tvpe

I Structural failure
A. camlock and/or pin breakage
B. bearing-mount breakage
C. camlock gear breakage
D. drive gear breakage

II Mechanical failure
A. camlock face wear resulting in insuf-
ficient locking
B. bearing wear
C. gear-tooth wear

D. internal drive motor failure
I1I Electrical failure

A. loss of main power

B. loss of control signal

C. failure in safety system
Obviously, class I failures require that the ring con-

taining the bad camlock not be used on any flights until the
camlock is repaired. Failure during flight should not present
a problem since the remaining two cams are designed to with-
stand the load for short durations. Failure of two camlocks on
the same ring during flight will probably result in loss of
cargo and possible damage to the craft. However, all camlocks

act as independent systems; therefore, failure of two camlocks



on the same ring is unlikely. If the class I failure involves
a camlock failing to completely engage or disengage during
loading or unloading operations, the container in that ring
must remain in place until the camlock can be repaired.

Class II failures are generally preceded by progressively
worée ring fit or camlock operation. It is hoped that such
problems could be noticed and corrected before catastrophic
failure occurs.

Class III failures can cause operation problems but should
not result in catastrophic losses.

Failures during loading and unloading operations (class I,
IT.c, II.d, and III) do not result in the possibility of injury
since the camlocks do not act as supporting members. Failures
during flight (class I.a and I.b) should not result in injury
since the craft is unmanned while in flight.

The worst case scenario, however, yields a slight possi-
bility of endangerment to personnel. If the craft loses a con-
tainer during lift-off, it may tumble and crash into the col-
ony. Designers of the rockets and control systems should try
to design for such a situation so a suitable amount of craft
control can be maintained after such a container loss. Control
of the falling container is not possible.

In an effort to prevent in-flight container losses, all
camlocks have safety switches that prevent lift-off if any
camlock does failil to engage completely. Failure of this system
should also prevent craft lift-off. This can be accomplished

by using a fail-safe, closed-loop control system.




Ring Failures

The ring has a variety of components that can fail.
Aligning pins, aligning holes and ring surfaces are all subject
to structural failures. These failures are categorized as fol-
lows:

A. aligning pin breakage,

B. excessive plate warpage,

C. ring fracture;

First of all, the aligning pins main function is to
alignment the container during the loading operation. However,
in the event that one of the pins breaks, the loss is mainly
ease of alignment. The two remaining pins are more than suf-
ficient to control any horizontal forces on the interface.

Care most be taken to clear any broken pin debris from the flat
ring surfaces. Debris could keep the two flat surfaces from
properly seating. This situation must be corrected before the
cargo can be locked down.

The two ring surfaces will not mate if excessive warpage
of either or both components occurs. Both surfaces were
designed with enough tolerance to allow mating under expected
thermal expansion warpage. However, in the event that warpage
is excessive, the aligning pins can not fit the holes and the
cargo loading must be postpones until the problem is corrected.

The ring structure was designed with a factor of safety of
two. This was in anticipation of abuse. Loading, unloading,
take-off and landing are rarely gentle processes. In the event
that stresses occur high enough to fracture or break the ring

device, the use should be immediately halted until repairs or



replacements can be made. If the breakage occurs in flight,
the ship supports can hold the containers in most situations.

Otherwise, loss of cargo becomes a concern.

Hook Failures

There are several ways the hook and bar assembly that hold
the cylindrical container can fail. One or both the hooks
could break, the bar could break, or the end of the hook could
become chipped or deformed.

If one of the hooks break, the other hoock should suffi-
ciently carry the extra locad. If both hocks break, the inter-
face should be able to withstand the moment provided the angle
of incline is not excessive. If the hook chips, then the frag-
ment could fly off and damage another piece of equipment or
even worse, injure someone. If the hook deforms, a problem
might arise while loading the cargo. The hook would have to be

fizxed or replaced before locading could continue.



CONCLUSIONS

Our main objective in this design was to achieve a self
aligning and remote locking interface system to be used in
space. We feel that the ring and hemispherical cargo cap
arrangement meet this criteria.

The cam lock device is remotely operated and is capable of
holding the cargo snuggly in position during flight. We feel
that this interface is safe, as well as user friendly, and
with a good end effector has much potential as a standard

space cargo interface.



RECOMMENDAT IONS

This project had very few constraints as assigned. For
this reason, most of youwr efforts have been in narrowing the
scope and conceptualizing the possibilities. We recommend
further investigation of ship configurations, and cargo con-
struction. Such as designing an expendable lander, using our
interface rings, or deQeloping pallet shapes.

We also recommend further research in the areas that we
were unable to address. Such as, end effector design for the
lifting device, composite materials application, and micro-—
scopic welding. Further work in these areas would be

necessary to support our designs.



APEENDIX A

Calculations supporting design specifications




The first concern is to set the tolerances loose enough so
that an interference fit does not occur. For ouw 3 in. 0.D. pin,
the "loose fit" tolerances are:

Hole 3.0030 Fin 2.9%9&0
Z. 0080 3. 0000

The praobability of three pins simultanenusly fitting into
thrree holes was investigated with the aid of a Monte Carlo subr-—
outine computer program. (Ref. Appendi:B It was assumed that
the dimensions specified were approximately normally distributed,
and a mean and a standard deviation could be calculated.

For a given tolerance, in the form: XtAax
The standard deviation is: sx = ((FT+au)~(X~-84))/6 =a:4/7
GEOMETRY

IANDOM_VYARIAELES:
(Z) Distance between holes

(%) Distance hetween pins

(Z) Diameter of holes




D _PINS.

Assuming that a hole center can be located with an
L0085 in., the mean and standard deviation
ween centers can be calculated.

accuracy of
of the distance bet-

: Means:
t 1 -
| - i = Z2.79% in.
| Y 005 Y = 5.598 in.
|
- : ——t t = 7(.2*- Vz = 6.258 in.
X L0055
Standard deviation of t at = E’sxz + 7.5yz
?Z_i_—{-z
8 = 5y = 005 / 3 = 001467 in.
st = 0014467 in.
CALCULATION_OF HOLE AND _FIN_DIAMETERS.
Hole tolerances: Z. 0030 Fin tolerances: 2927260

. 0080 3. 0000
- — . - e
Mean: d = Z.,0030 + Z,0080 / 2 Mean: D = 2.9%&0 + Z.000 / 2
- —_ e . - .
d = . 0055 in. D = 2.998 in.
Shardard deviabions Starmdard deviabtion:
sd = L0025 7/ ZF o= 00087 in. sD = L0020 /7 = 0006467 in.
SUMMARY OF RANDOM_VARIABLES:
o= ( 6.2 in., J001&b6 1n. )
d = ( Z.095 in., .00033 in. )
L = ( 2.998 in., 0004687 in. )



The program calculated a random hole arrangement from the
distances between haoles and the diameter of holes. It then cal-
culated S00 combinations of pin arrangements and tried to fit
them, one at a time, in the holes. If no interference occured,
it was considered a success. This process was repeated S500
times.

Resul ts: Number of trials - - -~ 250,000
Number of successes - 249,77
Number of failures - — 229
Z success - —~ ~— — — - 9 3%

Average clearence - - LO0425 in.

PLATE BENDING

Another factor that will effect the tolsrances of the hole -
pin interface, is the maximum allowable bernding or warpage. This
can be caused by thermal stresses or physical damage to the cargo
container. The thermal stresses, or bending moment can be cal-
culated for the case of a hollow circular ring, fixed at the edge
and at the middle.3® The bracing built into the cargo, and the
bracing built into the ship will simulate this condition.

Thermal stresses of this type will be the largest when a cold
(=250 F) cargo ring comes in contact with a hot (+250 F) inter-
face ring. The maximum bending monsnt is calculated below using
the propertiez of Invar.

M~ = Mo = EeT h2 Eo= 21 106 NSl
1201 - o= 1.5 x 16° Yop
T = 5060 F
V= .2
M- = Mo = 2888 in. lbf.

This iz & substantial bending moment, and must be carefully
considered when designing the zupport for the cargo intsrface
rFings.



For our design purposes, we will assume that the bending
moment will be contained, and that a maximum center deflection of
the interface ring will not exceed .015 in. From this figure, we

can calculate the effect of the bending on the hole — pin clear-
ence.
AXIS
NeufgﬁL'

— OI5
Bam, ~.

and &1 = &2
o/l = sin &1
€l = «2 = 284 deq.

\

Since ow pin 0.D. will be 3 in., the angle at the =dge of
the hole will be 2/3 G .

& actual = .19046 deq.

THERMAL EXPANSION: ©

Changes in dimension due to thermal expansion should be held
to a minimum with a combination of rigid bracing and low expan-—
sion material selection. The expansion in the area of the hole
can be looked at on an incremental level.

ot
A = leeaT

Assuming tolarances ara
determined at room temp.

sl = L0011 in.



By superposition;: thermal expansion, bending deflection, and
machining tolerances may be added together to find the over-all
tolerances required for a non—interference fit.

Initial hole reguirements: I.003Z0
Z.0080
Additional factors:
Bending — - -~ = .0016 in. radius = .003Z2 in. dia.

Expansion — —- — 0011 in. radius = ,0022 in. dia.

Total = L0054 in. dia.
Final design tolerances: 5
HOLE 3. 0080 PIN 2.9960
3.0130 Z. 0000
Tightest fit - - - (00320 in. (including bending % expansion)

lLoosest fit -~ — = 0170 in.

STRESS _CALCULATIONS FOR_RING

Reguired plate thickness to withstand point load of 1 pin.
{2000 lhs.) 2000 b,

Ll L L L Ll L L L

AN\ EHEYHEEE \\

Mastimum stress on plate = kB F /7 £ = (308 (R000) /(. 25)

n Ly

Factor of safety = 24,000 / 3854 = 32,43




L7084 in.

NN
N
I\
\
8

—
|

.6488 in.

(ref. no. 14 )

STRESS_ON_CROSS-SECTION BETWEEN BRACES

)
}

Moment max. = W 1 / 8 (2000 (23,5 /7 & = 5875 in.lbs.

Stress man. = Mo / 1 (58759 (.70B4)/ .648B8 = 6414.6 psi.

Factor of safety = 24,000 / 6414.6 = .74

I/c = hh /7 & = (1.5)(1) /7 6 = .25 in.
doment = W 1 /7 B = (1000 (10)/ 8 = 1250 in. 1bs.

I = 1250 /7 .25 = 5000 opsi.

Stress Mad = M

n
~.

Factor of safety = 24000 / 3000 = 4.3




2. HOOQE

From the shear, moment, and axial load diagrams, one can see
aald be based on pts. T and D.

see that the design of the hook s

= My/1 3 Tmax = VO/Ib 2 for straight section

taken from stress theory
io= —M(rb —-r-n)/(ﬁvyr'o’) + F/A on curved beam sectons

d = Mg, —rp 3/ (F‘-;r"i y o+ /A
o d

Lmax = VE/Ib

Frinciple stresses: dil . di‘ == (d:—:*—fy) 2 i'\r (Jx*O’y)" + T‘;«:yz

f-’
fMasimum shear: 2'1 y {2 = k2 '{U’x-dy 2 Z"z

For curved section : @ Ft. D on Hook

A= Z.6in 4 ¥ = 214 in, 5, = .95 in
M = 1450 1bfin, ¥ = 0, Tmax = 0, F = 1000 1bf

Ti = 1450(.95-.5) /(3.8 (.14) (.5) + 1000/3.6 = ZH&T nsi T
Oa = —1450(2.5-.95) /(2.6) (1.4) (2.5) + 1CG0O0/3I.& = 1504 psi

So Fi =T max = Z8&7 psei tension

For straight section : & Ft, C on Hook

I = .18% in
= .9 in

-i

’Zmz‘:‘m = VEATh = (100G (1.74 /(. 182 (2.9 = 2273.7 psi

G omax = Myv/s1 = (=500 (.77 {(.182) = Z43% psi C

g1, U2 = 2459/2 + (2459/2) + 3278 = 4731, 2278 psi ;
~. -_ -~ .
Lmax = + I502 psi ———
I
From points © and D one can see thalt the worst streszes

1

are thre followings:
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wnse Soctdion

-

radius = 5"

.

—
i

=900 1bf

= 1000 1lb+ [ TR S o

<
il

SO0 (1)

=00

1b¥f SO0 x i 1.,07
1000 1b¥

d
o
|
<
LS.
\Tz
-d
n<
o

(100G) (&b -

S00x%

Worst case 19 at the
middie of the bar.

* note:

+ e

v L S

Tma:-: =

// ‘ LI

4V /3A =

7

X,

i

4 (1060) /3(6785)

1700 psi

To = Mc/I = (3000 (.5)/(.0451) = 30,550 psi .. max =

Manr s Cirie
%0 = TIBIB/2 4+ (F1BE/D) 41700 =
7

Cimaee =+

165060 psi
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3. CAM FACE SHAPE DESI6H

VARIASLES
ﬂT = ANGLE 0F CAM ROTATION [FROM ENGAGEMENT 70 LoCkeD PosiTronN
l’r = BACkseT o¥ PN AXIS
b, = BAKSET oF CAM AXIS
Ad = DRAWDoWN (ALLOWANCE Fok DusT BuieD P AND RN & (//ARPAGE)
fp = P/ RADIUS
(14—"
C ONTAINER 3T ‘G """ P AXIS
RING "r
—V/ J’f A —
T’ DusST T WARPAGE
SHIP RING b, )
-“— e e AM AX(S
—_ + G =
inkial T L“' JJ*LP Te J Fé.;d L‘+EP+G
Gital = O | and G = Or

Assummé A ¢ NEAR DRAWDDWN RATE | THE CAM FACE can BE
PATTRNED AFTER A SmPLE SPIRAL EQUATION, /(B)= 1, + kB~
or Gl T @ipad , TC)= Mgl 50 4 rold b 40,2 15 4 k(o)
(o = bc+a/’/+£,,+/“f,
for It \f'ﬁé_“, ) r(a) - ol S0 btbrrp =0tk
b+ b ‘&*JJ%P”}HWT — g= —%—4
+p -

5
Foaully, 6)= b edPthye ;’;’ﬁ

4‘/ﬁ)=£‘+ éf+ff,{-6//(/‘9——
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b as crosEn TO BE 075" AF7ZR A S7RESS ANALYSIS DETERMINED

()= br bt (44 (1-5)

VALYES

5 whsS CHISEN TO L& J0° 1o PREVENT CAM JNTERFEREWE o/ 7H
T;,b PN AS 1T CoMES oJT OF STOwAGE FPosiTion.

P THAT TH/S THICANESS OF MATERIAL Could ) THSTAND THE SHEAK

STRESSES TRAWS MITTED By THE pin.
éc WAS cuaseN 70 BE O.75" FoR THE SAME RERSONS A bf

Add  was sz AT 0,25 As A RERSONABLE ARZITRARY VALUE TO
AlLLow For LoNAR DUST BulLDUP, RMG MISALICMMENT, AND RING thbRPICE.

(L was cHosaN 70 BE CIS " AFTER A STRESS ANALYSIS DETERMNED
THAT 7/17/S DIAMETER oF PN spould BE ABLE 72 4/7THSTAN
BenNDIMNG MOMENT TRANSM ITED By 7HE CAM FACE.

6
R

PLOGG.InG [N VALUES :

q
(8= o.7c+o75+025+ 025(1- 34

é
F(&’) = 175+ 0,95’(/-"7‘;‘) = [ 257+ 0.2€- 07.1§ e
(2

7
(‘(9)"2"—3—‘3

& O/ C in inches
F(6)=3-Fa| at &, n deprcs

T s 1S THE FORMULA THAT wAS VSED To DES/6M THE PRoPosSED

cAm g SHAPE '
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Computer Lsagea
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THIS PROGRAM USES A MONTE CARLO ROUTINE TO EVALUATE THE
STATISTICS OF THE GEOMETRY OF LOCATING THREE PINS IN THREE
HOLES. THE STATISTICS OF THE RANDOM VARIABLES APPEARING IN
LOCATING EQUATION DETERMINE THE TOLERENCES NEEDED FOR A
SUCCESSFUL DESIGN.

VARIABLES:

T(I) =--—- THE DISTANCE BETWEEN PIN CENTERS, OR HOLE CENTERS.
P(I) ---- RANDOM PIN DIAMETER.

H(I) ---- RANDOM HOLE DIAMETER.

Pl —=-- MEAN PIN DIAMETER.

SP -~ ---— STANDARD DEVIATION OF PIN DIAMETER.

H1 ~~—- MEAN HOLE DIAMETER.

SH -~-— STANDARD DEVIATION OF HOLE DIAMETER.

Tl ———— MEAN DISTANCE BETWEEN HOLES.

ST ~==— STANDARD DEVIATION OF DISTANCE BETWEEN HOLES.
PMX(I) ---- MAX. DISTANCE BETWEEN PIN EDGES.

PMN(I) --—— MIN. DIATANCE BETWEEN PIN EDGES.

HMN(I) --—— MIN. DISTANCE BETWEEN HOLE EDGES.

CLR ~-—- CLEARANCE ON A RANDOM FIT.

YES --—— NUMBER OF SUCCESSFUL GENERATED CONFIGURATIONS.
NO ---— NUMBER OF FAILURE GENERATED CONFIGURATIONS.
AVE ———— AVERAGE CLEARANCE ON FIT.

PROGRAM MONTE (INPUT,OUTPUT)

REAL H1,P1,T1,SH,SP,ST,CLR,AVE,RN

REAL H(4),P(4),T(4) ,HMX(4) ,HMN (4) ,PMX (4) ,PMN(4)
INTEGER I,J,K,YES,NO,N o
T1=6.258

ST=.0016
YES=0
NO=0

N=0
AVE=(Q
CLR=0

READ MEAN PIN SIZE, MEAN HOLE SIZE, PIN STANDARD DEVIATION,
AND HOLE STANDARD DEVIATION.

READ*,P1,SP
READ*,H1,SH

CALCULATE RANDOM HOLE CONFIGURATION.

DO 10 I=1,500

DO 15 J=1,3

CALL RANNOR (RN)
T(J) =RN*ST+T1
IF(T(J).LT.0.0) THEN
T(J)=1.E-50

END IF

CALL RANNOR (RN)
H(J) =RN*SH+H1
IF(H(J).LT.0.0) THEN
H(J)=1.E-50

END IF

CONTINUE

T(4)=T(1)



aoonooa

anon

00

17

25

27

30

20
10

H(4)=H(Q1)

DO 17 J=1,3

HMX () =T (J)+.5*H(I) +.5%H(J+1)
HMN (3)=T(3)-.5*H(I)-.5*H(I+1)
CONTINUE

EVALUATE 500 DIFFERENT RANDOM PIN CONFIGURATIONS
FOR EACH RANDOM HOLE CONFIGURATION.

DO 20 K=1,500

DO 25 J=1,3

CALL RANNOR (RN)

T(J) =RN*ST+T1

IF(T(J) .LT.0.0) THEN
T(J)=1.E-50

END IF .

CALL RANNOR (RN

P (J) =RN*SP+P1

IF(P(J) .LT.0.0) THEN
P(J)=1.E-50

END IF

CONTINUE

T(4)=T(1)

P(4)=P(1)

Do 27 J=1,3

PMX (3) =T (3)+.5*P(J3)+.5*P (J+1)
PMN (D) =T(3)~.5*P(3)-.5*P (J+1)
CONTINUE

EVALUATION

Do 30 J=1,3

IF (PMX(J) .LT.HMX(J) .AND.PMN (J) .GT.HMN (J) ) THEN
YES=YES+1

CLR=CLR+ (HMX (3)-PMX (3)) /2+ (PMN (3)-HMN (J)) /2
AVE=CLR/ (YES*2)

ELSE

NO=NO+1

END IF

CONTINUE

N=N+1

CONTINUE

CONTINUE

EVALUATE THE FINAL STATISTICS.

PRINT*, 'NUMBER OF TRIALS = ',N

PRINT*,' '

PRINT*, '"NUMBER OF SUCCESSES = ',YES
PRINT*,' '

PRINT*, 'NUMBER OF FAILURES = ',NO
PRINT*,' '

" PRINT*, 'AVERAGE CLEARENCE = ', AVE

END

SUBROUTINE RANNOR CALCULATES A RANDOM VARIABLE.

SUBROUTINE RANNOR (RN)
C=3.1415926536
A=RANF (0)




B=RANF (4)

E=SQRT (-2.0*ALOG(A))

RN=(E*COS (2*C*B))
RETURN
END
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Bonding resins to enamel requires some form of mecnanical attacnment.
Currently tne dissociution of tne ocutermost enamel layer is involved
in etching witn phnospnaric acid. One of the authors (Smith, with L.
Cartz) has previcusly demonstrated that polyacrylic acid scalutions
which containea residual sulfate ion proguced a white crystallire
deposit on the tooth surface wnicn was shnown to be calcium sulfate
dihydrate (1.e., gypsum). Thnese crystals were firmly bonded tao the
enamel and appeared to be nucleatea in the surface. The purpose of
the present investigation was to cetermine tne potential value of
this crystaliine intrface as a mechanical irnterlocking device for
bending materials to the tooth for orthodontic and restorative
applications. The crystals produced as good a bond strengtnh as
conventional acid etching. The crystals can be removed from the
enameli with an wltrasonic or sickle—-scaler followed by pumice
praphylaxis. Mary variations of the crystal growth principle may be
visualilized, including the develiopmert of fluoride-containing
crystals. 6 refs.
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EI 8004-023183. —
halpin—-B-J. Jonnis—-D-R. Mansorn—H,. T
RERVY~CURRENT POINT-ON—-WAVE SWITCHING DEVICE.
NZ Evievgy J v S22 nm & Jun 25 1872 p 73-81,
ELECTRONIC-CIRCUITS-5WITCHING.
A713.
NZEJDU.

A simple, rooust device 1s descripbed based on a mechanical latcning
praincipie triggered Dy a synchranous motor. The ocevice is capadie
of making anag carrying for tnree seconds currents up to 10xkA.  The
switching point can be adjusted easily and is consistent to withain

plus ar mivius 1 degree electrical. 1 ref. e

EN. -
g e

EI B8607-057zz2.

Hayashi-N. Karnenira—H.

Univ of Electro—-Communications, Jpne.

DESIGN OF CURRENT-SHEET MAGNETIC EBUBBLE RSSOCIATIVE-SEARCH DEVICES.
IEEE Transl J Magn Jprn v TIMI-1 n 3 Jun 1385, Contrib from the 3th
Arnmu Meet of the Magn Soc of Jpn, Hiroshima, Jprn, Nov 13-15 1934 p
=£85-286.

DATR-STORAGE-MAGNETIC.

Bubbles.

RASSOCIATIVE-SEARRCH-DEVICE. CURRENT—-5HEET-MECHANISM.
REPULSIUON-BETWEEN-BUBEBLES.

DATA-STORAGE-DIGITAL: Asscciative. ELECTRONIC-CIRCUITS-COMPARATIUR.
0882—-4953.

A713. R721.

ITIJER.

T (Theoreticai).

JA (Journal Article).

Summary form cnly giver. The authors gescripe an asscClatilive—searcn
device with a current-snest mechanism wnicn uses the repulsive force
netween puables. This is a modification of tne cevice proaposec Jy

8. Y. Lee et ail. (12973) . Camposea of gata, a tag, & latch, a
comparator circuit, ang a ceflecting path, the device compares 1inpus
pubbles with irnguiry tag information. Bubblies rot matcohing tne bix
cortents of tne tag are loaded into thne latcn, and repel suonsequent
pBubhbles onto the deflecting path, blocking the main path. in
mechnanical model experiments, tne device aperated satisfactorily in
three nasic aoeration modes. Z refs.

=3



IN

S0
MJ
mMN
18

-

(=

CD

V0T s
e )

i

Technical Univ of Nava Scotia, Dep of Mechanical Engineering,
raiifax, N8, Can.

DCEAN WRVE ENERGY CONVERSION DEVILCES PORULAR TODAY.

Trarns Can Scec Mech Eng v 9 n 2 1385 p 105-113.

WATER-WAVEZS.
Wave-Energy—-Conversian.
0315-8377.

R471. AE1S. RB3i.
TCMERP,

AR (Applications). G (Gereral Review).
JR (Journal Article).

The paper examines several wave energy devices which are currently
being investigated in the United Kirgdom, Japan, Norway and the

U.5.A. Each is briefly examined 1n respect to its operating
principies, efficierncy, aacvantanes, weaxknesses and state of
gevelopment. The devices dgiscussea are: (1) the Kaimei, the

fioating ship of f the coast of Japan; (&) Saiter’s nodding duck
its gyroscopic reference Trame; (3) the Lancaster flexible bag;j
the SEA CuAM version of a flexibple bags; (3) the NEL ascillating

witn
(4)

water column fixea rigidly to the ground; (6) the Vickers terminator

anc atternuator versions of tne cscillating water columng (7)
Norwegran use of & 'haroor! with an oscillating water column

used to

increase the device’s range of frequency resporse; (B) the latching
puoy of Norway:; and (5) the Bristol cylinder. Rlso presented are

the studies at thne Tecnnical Urniversity of Nova Scotia of a two

ningea ficating raftt, tne DAM ATOLL of U.S5.A. origin ana a version

of amn osciliating water columnn device designed to i1ncrease its

spectrali response. {Autnor abstract). 25 refs.
Eiv.
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€I B41&-139713.
araeentoaw-—Martin. Rosern—~Jay—H. Reed—-Mark.
MIT, Des ofF Jcoc=zanm Zngineering, Cambridge, Mass, USA.
CONTRG. STRATEGIES FOR THEZ CLAM WAVE ENERGY DEVICE.
ARppn. Gecearn Res v 6 v 4 Qot 1284 p 127-20€6.
Wwa T R—wNaVES,
WAVE-INEr LY~ OONVErS 1 Or.

.

\:»ql. e 1.\37-

e st o i

TN@ Caam @2A0ral LS @nergy Oy PUInPlag &ir cardugn & special.y uvesigred

(welis) Turaime. Altnougn operaticon of the Wells turpirne agoces rnot

reguire a reciv:fied air fFliowy, some additional comtrol will pe
riecessary Lo optimize the ohase of the clam motion for good

erficiencies. Arn examinatiom of the equation of motion 1n the time

gomaln suggests the sossinility of phase control by mechanical,

POW2Y Tace—-ni{§, or pneumatic latcening. Latching can be shown
INCreass one

bne wave spectrum, 1.e. chose of nign incident wave power.

afficiency of tne device in the longer wavelengths of
+

EGUIVALEME LY Latoning couia be usea to keep the device efficiercy
LG wntle srecucing LEs sSize, poss10ly resualtiling 1n cheaper power

2XTrachian. 3 refs.
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EI 7303-019345. T~

Mar Toug ===, Aosalrn—y-U. Ners-V-V.

Uriiv af Sask, 3Saskatoon.

BUTLT—WP UTILITY POLES WSING PRAIRIEZ TIWHER.
Font Orac J v E83 0 11 Nav 1278 p 459-54.
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Sn—fusing or tin Tfusing 1% a metnod of Joining copper electrical
conductors which results in an excellent electrical and mechanical
cormection without the requirement of any type of terminal or other
mechanical holding device. Bare and film insulated conductors can
be jJjoirned. Sn—fusing requires that one of the conductors be coated
with tin, Tin purifies the copper or its alloys at the joint’'s
interface amo results in a diffusion bond. The article discusses
the steps involved and the in*termetallics formed.

EN.

3
EI 8311-037306.
RAkay—Rdnan. Latcha—-Michael.
Wayrie State Univ, Mecnanical Engirneering Dep, Detrcit, Mich, USA.
SOUND RADIATION FROM AN IMPARACT-EXCITED CLAMPED CIRCULAR PLATE IN AN
INFINITE BAFFLE.
J Acoust Soc Am v 74 n 2 RAug 13983 p 640-648.
SHOCK-WAVES.
PLATES: Acoustic—-Properties. RACOUSTIC~-WAVES: Propagation.
0001-4366.
R408. A7S1.
JASMAN.
Sound radiation from most mecnanical systems results Trom impact
forces of various Kinds. In this paper, transient scund ragiation
from impact—-excited circular plates is studied both amnalytically and
experimentaliy.
EN.

4

EI 8308-062233S8.

Barkar—P. Lin-T. Rastami-A. Tabanfar-S.

Stanford Univ, Dep of mMechanical Engineering, Stanford, Calif, USA.
EFFECTS OF REDUCED FAULT DURATION UPON POWER SYSTEM COMPONENTS. A
STUDY OF THE FEASIBILITY UOF A GREATLY SIMPLIFIED ALTERNATIVE TO THE
FAULT CURRENT LIMITER.

Electr Power Res Inst Rep £PRI EL 2772 Dec 1982 var pagings.
ELECTRIC-SUBRSTATIONS.

Overcurrent-Pratect 1orn.

ELECTRIC—FAULT-CURRENTS.

RA704. [R706,

EPELDS.

A rneeda exists for practical means to extena the fault current
capacity of $ransSmisslon SLISTAD LGNS, Thne cuwrent concept af a

protective scneme based uporn fauwlt limitation after the first
current loop is formulated. By means of surveys of utilities and
worksnops, informaticon has peen compiled on both the industry needs
and orn tne characteristics of actual fault currents. Consernsus has
beeri aobtained on criteria for an acceptable protective scheme.
Mmarnufacturers have beern consulted to assess the probable behavior of
existing substation apparatus when subjected to higher thanm rated
faults wnhaose duraticrn is limited to a sirngle current loocp. A test
pragram nas evaluated the anility of diverse contact structures to
narndle currents in excess of rating. Tnis report summarizes the
information learned to agate and considers a specific &3xv
application of the concept. The present assessment suggests that
160%4 of ratimg will meet tne rneeds ang 1s attainable provided that
appropriate back—-up protection can be cevised. It is shoawn that the
likelihood of subjecting circult oreakers to instantanecus currents
in execess of clase and latch rating 1s rare. Tests have
demonistrated the ability of circuit orakers with multiple finger
contact structures to accomagate this duty without difficulty.
Aporoximate, analytical metnods nave been cevised to assist in the
icentification of systems wnich fne proposed orotection scheme can




STRUCTURAL-DES IGN.
CC A405., A408, FA33L.
CD FRJOARE.

AR Thne mojgectives of tnis paper are to discuss several
gevelaped to compensate for the limited lergths of jack pirne

and to describe the tests usea to
astiffriess characteristics. EBasec
economical designs are suggested.
splicing two jJack pine polies witn
second design
LG EN. e

_ "
AN EI 7703-066602.

1% & frame consisting

designs
poles
evaiuate tneir strength and
on thils investigatior, two
The first acesign consists of
a steel correcting device. The

of several spliced logs.

WORKPIECES.

AU Vasilevykh—i~-A. ™Magaziner—-vV-A.

TI DEVICE FOR DAMPBING OF VIERRTIONS IN

S0 Russ Erng J v 353 n 11 1973 p 58-S5.

MJ MACHINE-TOQOLS.

N Attacnments.

XR VIEBRATIONS: Absorpticr.

CC R&O3. R931.

CD RENJASZ.

Ad Vipration campers are nore efrficient wnen

supplementary mecharnical limk through the

af the machine tool sacdle; theilr

fittea with &
damper to the cross—-siide

use, Nowever, presents mnore

inconvenience caused by any charme of diameter of the woarkpiece

necessitating gimensional adjustment
cormect Lo a cevice was geveloped,

af factories,
FrEpreseEnts an
type of vioration
i1s the presernce
raller, and o7 two noies for
iever with the toolpost.

LG EN.

gampers.

foos damping vibrations
tmpravement of the known cesigns of lever—aoperatea

The characteristic tTeature of the design
ofF tne inclined sliaot
fitting a cowel

ofT the damper, in this
and 1Tt was 1wmtroaduced in
1 the workplreces,

& rnumber
wnicn

the lever for the axle

wnich connects tha

v af a




; T1
S0
nJ
MN
ID

XR
IS
cc
CcD
TR
PT
B)2)

LG

AN
AU
IN
TI
50
J
MN
ID
XR

cc
=D
TR

BATCH CONTROL IN DOSING AND WEIGHING.

Control Instrum v 17 n 11 Nav 13985 p 144-145,

PROCESS~CONTROL.

Equipmenrt. .

BATCH-CONTROL. TIMe-DOSINGS. CLOCK-GENERATOR. VOLUMETRIC-DGSINGS.
METERING-PUMPS.

SCALES-AND-WEIGHING.

0010-802&.

A723. RA731. AR732. A9435.

CTLIAW.

A (ARpplications).

JA (Jourrnal Article).

A popnlar application of a baten comtroller 1s in the dosing and
weighing field. Mechanical as well as electromecharnical scaies can
be cormected and in a typical system up to eight differermtiated
analogue signals car be entered, 1rcluding analogue measured values
transmitted by temperature and/cr moisture measuring devices. Fore
time dosings a clock gernerator integrated i1nto the baten corntrolier
transmits, say, 19 pulses per secaond. In the case of volumstric
dosings, as for example with metering pumps, 1ncoming puises are
caunted. A microcomputer—pased batch contraol system for
state-of-the—art cosing arnd weighing i1s aescribed.

EN.

EI 8611-108048.

Warrner—Allan.

Jayal Praoducts Inc, Linden, NJ, USA.

SN-FUSING.

Coil Winding Int v 92 n 1 Rpr—-May 1385 p &6-7, 10-128, 14-15,
ELECTRIC-CONDUCTORS—-WIRE.

Bornding.

TIN-FLSING. SN-FUSING. COPPER—TIN-INTERMETALLICS.
COPPER-AND-ALLOYS: Honaing. TIN-AND—-ALLOYS: Applicaticons.
INTERMETALLICS.

RS 31. AS38. ARS44. AS46. RA704,.

COWIDL.

A (RApplications). E (fconmomic/Cost Data/Market Survey). 3 (5
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EI 8307-035681.
Anon.
THE PRESENT STATUS AND DEVELOPMENT OF LARGE MINE HOISTS IN CHINA.
Coal Sci Technol (Peking) v 12 Dec 1982 p 15-13.
MINE-HOISTS.
CORL—-MINES—AND-MINING.
AS0E. ASO03. AES3.
CSTPDL.
For single—-rcope wound holsts, development nas beern in these areas:
improving the drum structure, parallel rope grooves for
multiple~layer winaing, development of a radial-tcocoth—-type
rope—-adjusting cluten, adoption of keyless cormection, vevelopment
of an epicyclic recucer, improvement of disc brakes, develapment of
high—-performance disc brake shoes, power—pack for the secaondary
brake and use of a mechanical micro—drive. For multi-rope hoists,
gevelcapment has been in these areas: improvement of the guide wheel
and develoapmernt of low—-speed, directly-—-cormected suspension ac
motors and conmtrol devices for determining the position of the
hoisting containers. In Chirnese with English abstract.
CH.

6
EI B830&8-013031.
Harris—Richara—i£.
Appl Colaor Syst, Princeton, NJ, USA.
ADDING 'COMPUTER POWZR® TO COLOR SHOP OPERATIONS.
Am Dyest Rep v 71 m 3 8Sep 1382 p &5, 70.
TEXTILES.
Printing.
TEXTILE~-FINISHING: Computer—-Applicatioms.
000z=-82E6.
A723. A745. ABOE. A819.
ADRERI.
An automated production dispersing system is described that was
developed for textile printing plants and is used in conjunction
with & calor computer. The system comsists of electro-mecharnical
fiuid handling devices under the command of a controller which is
pus—corvmected to the color computer. The advantages of the
automated system over marnual dispensing are specified i1ncluding
nereased proagucticnt througnpnt, waste reduction ang numan error
raguet 1or. The implementatiorn of such systems makes 1t possibie to
transter laosoratory precision into oroduction operations and to
grovioge mew lLevels of efficiency 1n textile printing.
=N

7
Zi 8210-0874&8.
Euettrner—-Peter. Sievert-—-Hans—Ebdernard. Rijanto—Hendro.
EANTWICKLUNGSMOEGLICHKEITEN IM NETZSCHUTZ DURCH DEN EINSATZ VOM
MIKROPROZESSOREN. {(Development Possidilities in Power—system
Protectiorn by the Use of Microprocessors).
Wiss Her AEG Telefurmkern v 35 n 1-2 13828 o &7-7=.
ELECTRIC-FPOWER—-SYSTEMS.
Protect 1on.
COMPUTERS-MICROPRDCEZES30R: Applications.
0043-6801.
A706. A7z3.
WBRTRS.
Irn additiorn to conventiomal mechanical praotective relays, digartal
protective carncepts are increasingly employed. Progress 1in
semicondguctor technnology has made possible the gesign of efficient
computer structures which rot only 1nmfluence thne 1ndividual
ctive aevicos DUE Aalso aliow 1nt2rconmectial The orotective
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permits standarolizing ang Ccomolrling tne sSecongary tecinmnaioyy &rom
wnhich completely rnovel concepts follow. Remaote controlled
protection is describeag which was testea in the laboratory and in an
Austrian Kaprun power generating station. Z refs. In Germar.

EN.

8
£l 8z08-07Z184.
Kuzusnima-Yosniakl. Najiri-Hideao, Imai-Hideaki. Hosugi-Takashi.
Yosniaga-Nariyoshl.
NEC, Jpn.
MODEL BY EQUIPMENT FOR TRANSMISSION EQUIPMENT.
NEC Res Dev v 62 Jul 1281 p 24-30.
RADIO-TRANSMISSION.
Equipment.
RADID~cQUIPMENT : Modular-Construction. INTEGRARTED-CIRCUITS:
Large—-Scale—Integration.
0547~051X.
R713. A714. A71€6.
NECRAU.
A new mecnanical desigrn for instailing transmission equipment 1S
cescribed. In line with the recent progress in pertinent
tecnrnalogyy NEC is row improving :its equipment with several rnew
products aesigned to meet the growing rneeds for communicatiorn
services whnich are easily expandanle, economically constructed,
easily installedg, etc. The rnew equipment has adopted
mecnanically—-standardizea plug—in units arnd functiornal blocks using
newly deveioped tramsmission devices, ICs and LSIs, thus ensuring
Nignly reliiranle connections oased orn the aispersive direct
coarmection of station cables in & bay frame (cormecting caoles
direct to separate moauracks). The equipment is earthguake—proot.
EN.

3
EI B203-022280.
Eissler—n. Jentrner—w. Warrnecke-r-J.
Fraurhofer—-Ges, Stuttgart, Ger.
AUTOMATED INSPECTION OF FERRITE PERMANENT MAGNETS FOR MECAHANICAL
DAMAGES.
Aroc of tne Int Conf cn Autam Insp ang Prod Control, Sth and IPA,
Arper1cstag, 18tn, (Inst fuer Praduktionstech und Rutom), Stuttgart,
Ger, Jurn Z4-36, 1380 Pudl oy IFS (Publ), Hempston, Bedford, Ewngl,

L2EG 3 LTI-ia-

casT Lo

MAGNET 5.

Inspectian.

AUTOMRTED—-INSRPECTION.

FERRITES: Defects. SENSDRS: Applications.

A704, A708. A7 3&. A9135.

A device for tne automated inspection of ferrite permanent magrets
for mecnanica: defects (breawk outs, peeling offs, chinks) 1is
cescrioed. Up to now these magrets nave beern visually checkea for
cefects. Basicaily the test device comprises a gecmetrical
arrangemant o sensors, conslsting of electrically conmmected
1guctive transducers. With a clock cycle of 1 pirece/s the test
piace can thus pe checked automatically for profile errors as a
result of mecnanicali gamage. Erear outs anmag peeling aoffs up to an
extend of maximal & multipliea by 2 multiplied by 0,3 mm carn be
recognilzed. The electranic sigral processing conmects the different
sensar s1gnals and takes tne necessary decision for correct and
faulty pireces in crger to control the marking and elimination
devices. The gevice nas praven 1ts reliaoility urncer iaboratory
congitions, s refs.
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Nardorne-Daniel-V.

AMP Inc, Harrispurg, Pa.

CONNECTOR FOR PIEZDELECTRIC TONE BENERATORS.

Anrnu Cormector Symp Proc 13th, Philadelphia, Pa, Oct 8-3 1980. Publ
by Electron Cormector Study Group Imc, Fort Wasnington, Pa, 1380 p
341-346.

PIEZOELECTRIC~TRANSDUCZRS.

ELECTRIC-CONNECTORS. ACOUSTIC-GENERATORS.

0145-0088.

A704. A714. R7S:2.

ARCPRD3.
Described is a gevice for cormnecting a circular piezocelectric
transducer disk to a printed circuit board. The part is designed

for easy, quick assembly. Holging a vibrating transducer disk
without inducing a great amocunt of damping or adversely restricting
its motion is very difficult. This disk grasping method provides a
clear, cansistent, and relatively loud scund cutput. Rliso, it is
compatible with the trend tocward cernser printed circuit board
caompornentry since electronic parits, i1ncluding integrated circuit
packapes, can oe rnested insiae the conmector. The paper explains
how the cormector develapment process addressed the electrical,
mecnanical, acousticai, and econamic requirements assaciatec with
making & reliabpie cormector. Iriciugea are material fatigue design
criteria arnag a presentaticorn of the souwng output analysis.

Ei.



BI. Fabent Sszarch.

Another tool in the research of ow cargo inter face

z
2

the patent s

’

FAF N . This nmuperabes in much same way 4%

the on—=line data base search. Several related subjects are

i

given and a search is performed. These produced

approximately Z0 relevant patents. 0One in particular {(the design of

missile lauwncher) was very informative to the research.
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C.COMFOSITES USAGE =

A potential way to reduces the weight of ow designed
cargo interface would be to construct the rings out of a com-—
posite material. OGraphdte/epory composites have very attrac-—

Live properiies sudh as louw denwsilyy bilygn stiffoess, and s

il

low coefticient of thermal expansion (CTE) . Hiogh modulus

fioers, namely, Mercules HES end Celanese GY-70, actus

ly

po]

have negative CTE's and are canable of providiog sultidirec—
tional laminates with near-zera thermal expamnsion 10 & gilven

direction.

I designing the ring, it was wept in mind that the mat-
@rlal used wight very well be composites. The dimensions

- he boot bhe Dam®, nowsver

aasily e onodified o unilize 16 ply sheets.

i decided to design this project using Enown low expan-—

s far hwoo omaln ©y W o mat mave tne
o analyee the shbressees that would develon in a

. -

e E

Peoa mrohlem wsing coopusit 7
. .

Thermal ovcling. This 13 mostly due to orack



result of large differe

wes in UTE betwesn the epoxy resins

and the fibers. We suggest, however, that composites be

further investgated and researched for this application.
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g regssarch was continued.
patent search was dome through the library on loecking
vice c

devicess bomb relsase mechanisms, vzhicle hiitches, and
container latching systems.

T Microfilm of the vendor catalogs were studisd,
: g with Dombh relssse mechanis

~lopcking power attachmentes for hesavy

201
C. HQS% duCu. i the design lab were studied.
zZ. Mor=2 brairnstorming sessicns weres held.
&. Desigre for the interface between known ship and cargo
configuration wers discussed.
B, A particulzar solution sppears quite positive at this
o1t but reguires further evaluaticn.

+ Comears tentative desigr with gparameters and constiraints.
# B2 aware of aliternative sclutions during evaluation of the
Ao e o - -
rzhntative designo.
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As an alternative to our design, an interface which ulti-
lizes hooks and pins only is a consideration. The ship con-
figuration and the cylindrical shaped containers are similar to
the ones proposed for ouwr interface. The difference being the
location of the attachment points on the ship ahd the contain-
ers. The containers will have six pairs of hooks at 60 degree
intervals on the upper and lower portions. The ship will be
altered in such a way as to allow a pair of hooks to engage at
the top and two pairs of hooks to engage at the bottom.

Lifting will be accomplished by connecting to the unused
hooks located on the upper‘part of the container. The major
drawback to this design is the interface's incompatibility with

epherical containers.
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